Human immunodeficiency virus (HIV) infection is initiated by the binding of the envelope protein gp120 to a set of cell-surface molecules comprising the primary receptor CD4 and a co-receptor, usually either CCR5 or CXCR4[@ref1][@ref2][@ref3]. In the host cell, viral RNA is reverse transcribed by reverse transcriptase (RT). This viral DNA is integrated in the host genetic material by the integrase enzyme. HIV-1 protease also plays an essential role by promoting virus maturation and thus promoting infection of new cells. The activity of this enzyme is essential for virus infectivity, rendering the protein a major therapeutic target for AIDS treatment. The probable inhibitors may target many stages in the virus life cycle: virus adsorption, virus-cell fusion, virus uncoating, HIV regulatory proteins and HIV enzymes (reverse transcriptase, integrase and protease). The problem of drug resistance in HIV infection is a consequence of the virus propensity to mutate[@ref4]. Mutations arise because HIV\'s replication machinery lacks the proofreading mechanism and copies itself with low fidelity resulting in one mistake every time it replicates. The selective effect of these drugs, also favours emergence of mutations that can establish clinical drug resistance[@ref5]. Additionally, the dose-limiting side-effects and the necessity for long-term anti-HIV treatments are the limitations to standard HIV therapy[@ref6]. Therefore, it is essential to focus on isolation of novel anti-HIV therapeutics from natural resources which are well tolerated, convenient and relatively cheaper. HIV reverse transcriptase inhibitors are important drugs for the treatment of AIDS and many natural products from plants belonging to a wide range of different structural classes, *e.g.*, coumarins, flavonoids, tannins, alkaloids, lignans, terpenes, naphtho- and anthraquinones, and polysaccharides have been shown to be active as RT inhibitors[@ref7][@ref8]. Different plant extracts and compounds isolated from Leguminoseae, Loranthaceae and Malvaceae family inhibited protease activity[@ref9].

*Lagerstroemia speciosa* L. (Lythraceae), commonly known as 'Banaba' grows widely in tropical countries, including Australia, India, China, Malaysia and Philipines. The tea prepared from the leaves of this plant has traditionally been used in several countries for treating diabetes and obesity[@ref10][@ref11][@ref12]. Administration of the aqueous and methanolic extracts prepared from the leaves of this plant was shown to be effective in reducing blood glucose and insulin levels in hereditary type 2 diabetic KK-Ay/Ta Jcl mice[@ref13]. These extracts were shown to stimulate glucose uptake in 3T3-L1 cells in a manner similar as insulin[@ref14]. In obese diabetic mice, its leaf extract led to a significant reduction in their body weights[@ref15]. Corosolic acid (2-α-hydroxyursoloic acid; C~30~H~48~O~4~) and ellagitannins have been identified as active principles responsible for stimulating glucose transport[@ref16][@ref17]. Standardized extract prepared from the leaves of this plant containing 1 per cent corosolic acid, Glucose™, when administered orally in the form of gelatin capsule has shown its efficacy to lower blood glucose levels in a randomized clinical trial involving type 2 diabetic patients[@ref18]. In addition to its traditional use for controlling diabetes and obesity, recent studies suggest that fruit extracts modulates biofilm formation by *Pseudomonas aeruginosa*[@ref19]. Further, orobol 7-*O*-D-glucoside isolated from this plant inhibits human rhinovirus replication[@ref20].

In the present study, the aqueous and 50 per cent ethanolic extracts from the leaves and stems as well as different fractions prepared from 50 per cent ethanolic extract of banaba leaves have been evaluated for anti-HIV activity using different *in vitro* reporter gene based cell assay systems. Attempts have been made to isolate bioactive compounds and delineate their mechanism of action.

Material & Methods {#sec1-1}
==================

*Collection of plant materials*: *L. speciosa* L. material was collected three times from Lucknow, India, during June 2007, May 2008 and November 2008. Air and shed dried plant materials (leaves and stems) were grinded and strained through 30 mesh (0.5 mm). The voucher specimen (accession number 264305) has been submitted to Herbarium of National Botanical Research Institute, Lucknow, India.

*Preparation of extracts*: The finely grinded leaves and stems (1 kg) were extracted with either MilliQ water (5 l × 3) at 60-75°C for 6-8 h or by ethanol: water (1:1 v/v, 5 l × 3) at 25-30°C for overnight to obtain aqueous as well as 50 per cent ethanolic extracts of leaves and stems. These extracts were filtered and concentrated under reduced pressure to afford aqueous and ethanolic (50%) crude extracts (A-D).

*Preparation of fractions*: The dried 50 per cent alcoholic extract (100 g) prepared from the leaves was suspended in 1 l petroleum ether (60-80°C), followed by stirring at 10-20 rpm on rotavapor at 30-40°C for 30-60 min and was subsequently left for overnight at room temperature (25-30°C). The clear petroleum ether soluble fraction was collected after filtration through Whatman filter paper number 1. The marc (residual petroleum ether insoluble extract) was treated three more times with the petroleum ether as above, to collect the total petroleum ether soluble fraction. It was concentrated at 30-40°C and finally dried under vacuum to collect 7-9 per cent of dried petroleum ether soluble fraction. The residual petroleum ether insoluble extract, left after extraction by petroleum ether, was air dried for 20-30 h. It was then suspended in 1 l of chloroform followed by stirring at 10-20 rpm on rotavapor at 30-40°C for 30-60 min. It was left overnight at room temperature (25-30°C). The clear chloroform soluble fraction was collected after filtration through Whatmann filter paper number 1. The residual chloroform insoluble extract was treated thrice with the chloroform as above, to collect the total chloroform soluble fraction. It was concentrated at 35-45°C and finally vacuum dried at -20°C to collect 17-20 per cent of dried chloroform soluble fraction. The residual chloroform insoluble extract was air dried for 20-30 h, treated in a similar way with n-butanol to prepare the n-butanol soluble fraction.

*Isolation of compounds*: The 50 per cent ethanolic extract (A, 10 g) prepared from leaves was chromatographed on silica gel (100--200 mesh, Merck, Darmstadt, Germany), using petroleum ether, chloroform and methanol as eluants. Methanol soluble fractions on repeat chromatography using chloroform and methanol (95:5 to 80:20 v/v) afforded compound E (rutin, yellowish green powder; 2.00 to 6.00 mg/g), compound F (gallic acid, pale white powder; 0.58 to 1.50 mg/g), and compound G (ellagic acid, buff coloured powder; 1.07 to 4.09 mg/g). These compounds were identified by direct comparison with the spectroscopic data (NMR and MS) of authentic sample, procured from MP Biomedicals, Ohio, Solon, USA as well as those reported in the literature[@ref21].

*Cells and virus*: TZM-bl cells \[a recombinant HeLa cell line expressing high levels of CD4, HIV-1 co-receptors CCR5 & CXCR4 with β-galactosidase and luciferase as reporter genes under HIV-1 long terminal repeat (LTR) promoter\] were maintained in Dulbecco\'s modified Eagle\'s medium (DMEM; Sigma-Aldrich Inc., USA) supplemented with 10 per cent foetal bovine serum (FBS; Biological Industries, Kibbutz beit Haemek, Israel), and an antibiotic-antimycotic cocktail \[penicillin (100 units/ml), streptomycin (100 μg/ml) and amphotericin B (250 ng/ml); Pen-Strep-Ampho sol, Biological Industries\]. CEM-GFP \[a CD4+ T-lymphocytic reporter cell line expressing green fluorescent protein (GFP) under HIV-1 LTR promoter\] suspension cells were cultured in RPMI-1640 medium (Sigma-Aldrich Inc.) supplemented with 10 per cent FBS, G418 (500 μg/ml; Gibco, Grand Island, NY, USA) and antibiotic-antimycotic cocktail as described for TZM-bl cells[@ref22]. HIV-1 NL4.3 was prepared by transfection of HEK-293T cells with pNL4.3 plasmid (Catalog number 114; AIDS Research and Reference Reagent Program, Division of AIDS, National Institute of Allergy and Infectious Diseases, USA) using CaPO~4~ method[@ref23].

*Cytotoxicity assay*: Cytotoxicity of extracts/compounds was assessed using MTT \[3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide; Sigma-Aldrich Inc., USA\] assay[@ref24]. Briefly, TZM-bl cells (6 × 10^3^/well/100 μl were seeded in a 96-well culture plate (Greiner Bio-One, GmbH, Frickenhausen, Germany) and grown overnight at 37°C in a humidified atmosphere of 5 per cent CO~2~. Next day, culture medium with increasing concentrations of various extracts/compounds was added in duplicate and further incubated for 48 h. Appropriate solvents, used to prepare various extracts/compounds were included as negative controls. After incubation, 20 μl of MTT reagent (5 mg/ml) was added per well and incubated at 37°C for 3 h followed by addition of MTT solvent (100 μl/well; 20% SDS and 50% dimethyl formamide in 50 mM PBS). The absorbance (OD) was read at 570 nm with reference filter at 690 nm. Similarly, CEM-GFP cells (5 × 10^4^/0.2 ml culture medium/well) were also assessed for their viability as described for TZM-bl cells. Cell viability was calculated using the equation,

\% Viability = \[(OD extract/compound treated cultures)/(OD untreated cell control cultures)\] × 100

*Inhibition of HIV infection in TZM-bl cells-based assay*: TZM-bl cells (4 × 10^4^/well) were seeded in 24-well plate and cultured overnight. In separate vials, HIV-1 NL4.3 at a multiplicity of infection (MOI) of 0.05 were treated with extracts/compounds or solvents used to prepare above extracts/compounds for 1 h at 37°C. Subsequently, pretreated viruses were added in duplicate to TZM-bl cells and cultured for 4 h. The cells were washed once with cold 50 mM PBS after incubation to remove the cell free viruses followed by addition of fresh culture medium with extracts/compounds. Azidothymidine (AZT; Sigma-Aldrich Inc) was used as positive control whereas negative control comprised cells with untreated HIV. Cells were further cultured for 48 h, washed twice with PBS, and lysed with 1X lysis buffer (Promega Corporation, Sweden, USA) by freeze-thaw. The supernatant was analyzed for luciferase activity by adding substrate (Promega Corporation) using white optiplate in the fluorimeter (BMG Labtech GmbH, Offenberg, Germany). The results were expressed as percentage inhibition, calculated by taking the luminescence in experimental group (*i.e.* in presence of test extract/compound/AZT) divided by the luminescence in infected cells in absence of test extract/compound/AZT multiplied by hundred. Per cent inhibition was calculated by subtracting the above value from hundred.

*Inhibition of HIV infection in CEM-GFP cells-based assay*: CEM-GFP cells were infected with HIV-1 NL4.3 virus at an MOI of 0.05 as described previously[@ref25]. Post-infection, the cells (2.0 × 10^5^/well) were incubated with varying concentrations of plant extracts/compounds for up to 8 days. AZT was used as a positive control whereas solvents used to prepare extracts were used as negative controls. Post-incubation, cells were lysed with 150 μl of 1X Promega cell culture lysis buffer, 100 μl/well was transferred to black optiplate and absorbance read at an excitation wavelength of 485 nm and emission at 520 nm using fluorimeter. The results were expressed as percentage inhibition, calculated by taking the GFP fluorescence in experimental group divided by GFP fluorescence in infected cells in the absence of test extract/compound/AZT multiplied by hundred. Per cent inhibition was obtained by subtracting the above value from hundred.

*p24 ELISA*: The virus load in the supernatant of CEM-GFP cells treated with plant extracts was measured by estimating p24 using an ELISA kit (SAIC-Frederick Inc., NCI-Frederick, USA), following the instruction manual. Per cent inhibition in virus load was calculated by dividing the p24 concentration in the presence of plant extracts/AZT by p24 value observed in control (infected cells without any treatment), multiplied by hundred and the obtained value was subtracted from hundred.

*Reverse transcriptase assay, protease assay and integrase assay*: The inhibitory activity on HIV-1 RT, protease and integrase was determined as per the manufacturer\'s instructions of the respective kits (Reverse Transcriptase assay kit from Roche Applied Sciences, Mannheim, Germany; Protease assay kit from Anaspec, CA, USA and Integrase Assay kit from XpressBio, Life Science Products, MD, USA).

*Statistical analysis*: Analyses of concentration-response data were performed by non linear curve-fitting programme Prism (GraphPad Software, Inc., CA, USA) to determine CC~50~ and IC~50~ values. The results pertaining to inhibition of RT, protease and integrase activity are presented as mean ± SEM of three independent experiments.

Results {#sec1-2}
=======

The 50 per cent ethanolic and aqueous extracts prepared from leaves and stems (A-D) from all three collections were evaluated for anti-HIV activity using TZM-bl as well as CEM-GFP cells and were found to possess promising anti-HIV activity. The typical example of anti-HIV activity of the extracts prepared from *L. speciosa* L. collected in November 2008 is described below.

The cytotoxicity of the above extracts by MTT assay was assessed on the reporter cell lines used for determination of anti-HIV activity. The CC~50~ values of 50 per cent ethanolic as well as aqueous extracts prepared from stems and leaves of *L. speciosa* L. were \> 438 μg/ml on TZM-bl cells ([Table I](#T1){ref-type="table"}) and \> 693 μg/ml on CEM-GFP cells ([Table II](#T2){ref-type="table"}).

###### 

*In vitro* cytotoxicity and anti-HIV activity of the extracts/isolated compounds of *L. speciosa* L. using TZM-bl cells
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*In vitro* cytotoxicity and anti-HIV activity of the extracts/isolated compounds of *L. speciosa* L. using CEM-GFP cells
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The aqueous as well as 50 per cent ethanolic extracts from both the leaves and stems of the plant inhibited HIV infection in TZM-bl cells in a dose dependent fashion ([Fig. 1A](#F1){ref-type="fig"}). The IC~50~ obtained by using non linear curve-fitting programme ranged from 1.07 to 1.17 μg/ml with respect to the extracts (A-D) ([Table I](#T1){ref-type="table"}). These extracts also showed potent anti-HIV activity in CEM-GFP cells previously infected with HIV-1 and treated with varying concentrations of these extracts ([Fig. 1B](#F1){ref-type="fig"}). The IC~50~ values of extracts (A-D) varied from 23-75 μg/ml ([Table II](#T2){ref-type="table"}). The highest anti-HIV activity was observed in extract (A) *i.e.* 50 per cent ethanolic extract of leaves (IC~50~ value; 23 μg/ml) ([Table II](#T2){ref-type="table"}). The leaf extracts as compared to the stem extracts were more potent in decreasing the virus load in the supernatant of infected cells ([Fig. 1C](#F1){ref-type="fig"}).

Different fractions prepared from the 50 per cent ethanolic extract of leaves showed different phytochemical constituents by HPLC (data not shown). The anti-HIV activity evaluation of these fractions was performed at concentrations much below than that showing cytotoxicity. There was no anti-HIV activity observed in the petroleum ether fraction whereas both chloroform and n-butanol soluble fractions showed a dose dependent inhibition in HIV infection ([Fig. 2](#F2){ref-type="fig"}).
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![Anti-HIV activity of different fractions prepared from *L. speciosa* L. **(A)** shows anti-HIV activity at varying concentrations of chloroform soluble fraction and n-butanol soluble fraction in TZM-bl cells. **(B)** shows a dose dependent inhibition in green fluorescent protein (GFP) expression using NL4.3 HIV infected CEM-GFP cells whereas **(C)** shows the virus load (p24) in the supernatant. Values shown as mean ± SEM of two independent experiments performed in duplicate.](IJMR-137-540-g004){#F2}

The 50 per cent ethanol extract of leaves was processed to isolate the active compounds (E, F and G). NMR data along with other spectroscopic data suggest the compound E to be rutin, which did not show any significant anti-HIV activity (Tables [I](#T1){ref-type="table"} and [II](#T2){ref-type="table"}).

NMR data along with HPLC and MS data suggested compound F to be gallic acid. It has shown a potent anti-HIV activity in both the assays. The cytotoxicity of this compound on both the cell lines was \>80 μg/ml. The anti-HIV activity of this compound was at concentrations much lower than the cytotoxic concentration. The IC~50~ values in TZM-bl and CEM-GFP cells based assays were 0.36 and 0.19 μg/ml, respectively (Tables [I](#T1){ref-type="table"} and [II](#T2){ref-type="table"}).

Using MS, HPLC and NMR data, Compound G, was characterized as ellagic acid. It also showed a consistent anti-HIV activity in both the assays. The anti-HIV activity observed was not due to cellular toxicity as much higher concentration was required to obtain the CC~50~ value of the compound G (Tables [I](#T1){ref-type="table"} and [II](#T2){ref-type="table"}).

The n-butanol fraction and compounds were further evaluated for their anti-RT and anti-protease activity. The n-butanol fraction and gallic acid (compound F) when tested at different concentrations showed a dose dependent inhibition in HIV-1 RT activity as compared with the reference control nevirapine (1 μM) (Fig. [3A](#F3){ref-type="fig"} & [3B](#F3){ref-type="fig"}).

![Inhibitory activity of n-butanol fraction of *Lagerstroemia speciosa*L. and Compound F (Gallic acid) on HIV reverse transcriptase. **(A)** shows a dose dependent inhibition in HIV RT activity by the n-butanol fraction as compared with the reference control nevirapine as a function of time. Similarly **(B)** shows the inhibitory activity of compound F (Gallic acid). Values shown as mean ± SEM of three independent experiments.](IJMR-137-540-g005){#F3}

The n-butanol fraction and the ellagic acid (compound G) showed a dose-dependent inhibition of HIV-1 protease activity, when compared with the vehicle control. Saquinavir (1 μM), a known inhibitor of HIV-protease activity was used as a reference control (Fig. [4A](#F4){ref-type="fig"} & [4B](#F4){ref-type="fig"}). These extracts and compounds were also screened for their inhibition of HIV-1 integrase activity using commercially available ELISA kit (data not shown) and were found to be ineffective when tested upto a concentration of 50 μg/ml as compared with the positive control (sodium azide).

![Inhibitory activity of n-butanol fraction of *Lagerstroemia speciosa* L. and Compound G (Ellagic acid) on HIV-1 protease activity. **(A)** shows a dose dependent inhibition in HIV-1 protease activity by the n-butanol fraction as compared with Saqinavir used as a reference control with time. **(B)** shows the inhibitory activity of compound G (Ellagic acid) on HIV-1 protease. Values shown as mean ± SEM of three independent experiments.](IJMR-137-540-g006){#F4}

Discussion {#sec1-3}
==========

Banaba has been used as a folk medicine to treat diabetes in various parts of the world. The anti-hyperglycaemic effect of its aqueous and methanolic extracts has been demonstrated in several animal models as well in human studies without any adverse effects[@ref10][@ref11][@ref12]. The extract also possesses anti-hyperlipidaemic, anti-oxidant, anti-inflammatory, anti-fungal, anti-viral and anti-neoplastic properties[@ref19][@ref20][@ref26]. The aqueous as well as 50 per cent ethanolic extracts from both the leaves and stems of the plant inhibited HIV infection in dose dependent manner in TZM-bl cells and CEM-GFP reporter gene based assays. The supernatant from the infected and extract treated cells showed the maximum inhibition in virus load by 50 per cent ethanolic leaves extract. The therapeutic index (TI) of a drug is the ratio between the toxic and the therapeutic dose and is used as a measure of its relative safety. The TI of the extracts (A-D) were \>20 and ranged up to 400. A high TI of these extracts also suggests the plant as an effective candidate for isolation of natural compounds possessing anti-HIV activity. Since, the 50 per cent ethanol extract from leaves was found to be most effective, it was further fractionated into three different fractions by macerating with petroleum ether, chloroform and n-butanol successively. All fractions were evaluated for anti-HIV activity. Because maximum inhibition was localized in chloroform and n-butanol fractions 50 per cent ethanolic crude extract prepared from leaves was chromatographed over a silica gel column, and elution with chloroform-methanol yielded three different compounds. These compounds were characterized as rutin, gallic acid and ellagic acid. Further evaluation of these compounds for their cytotoxicity and anti-HIV activity showed that gallic acid and ellagic acid possessed anti-HIV activity. Gallic acid and ellagic acid from other plant sources have been reported for their anti-HIV activity[@ref27][@ref28][@ref29]. Observed anti-HIV activity of the extracts/purified compounds in CEM-GFP cells based assay suggested that these may be acting as post-entry inhibitors by inhibiting the activities of reverse transcriptase (RT)/HIV specific protease/integrase. Due to the essential role of HIV RT in synthesizing the double-stranded proviral DNA from single-stranded HIV RNA genome, it is a major target among the current anti-HIV therapies. Drugs such as AZT, lamivudine, stavudine, zalcitabine, and didanosine found useful in slowing HIV infections are RT inhibitors. In our study n-butanol fraction prepared from *L speciosa* L. and gallic acid (Compound F) showed inhibition of HIV-1 RT activity.

Protease inhibitors bind to the active site of the viral protease enzyme, preventing the processing of viral particles into functional form. Protease inhibitors lead to the production of non-infectious (non-functional) viral particles and serve as a potent inhibitor of HIV propagation. Hence, testing these extracts as well as the compounds for their anti-protease activity was imperative. The n-butanol fraction and the ellagic acid (Compound G) showed inhibition of HIV-1 protease activity. The n-butanol fraction as well as gallic acid and ellagic acid did not show any significant inhibition of HIV integrase activity. However, in one of the previous studies, ellagic acid has been shown to have HIV integrase inhibitory activity[@ref26]. At this stage, the possible reasons for discrepancy with respect to HIV integrase inhibitory activity of ellagic acid are not clear. One of the possibilities may be, that we have used a commercial kit, which may have different sensitivity and specificity as compared to the assay system used in earlier study[@ref27].

In this study, the active fractions and compounds showed minimal haemolytic effect on RBCs upto a maximum concentration of 50 μg/ml (data not shown). The extracts obtained from this plant, is a mixture of several antiviral phytocompounds which may provide beneficial remedies in the form of combination therapy for the management of HIV infection and AIDS[@ref30]. Gallic acid acts by inhibiting RT activity whereas ellagic acid acts by inhibiting HIV protease activity. Microbicides based on polyherbal creams have been proposed to prevent sexually transmitted infections, including HIV[@ref31][@ref32]. The present results suggest that *L. speciosa* L. has a potential to be considered for the development of a plant-based microbicide for prevention of HIV infection. Further *in vivo* studies need to be done to confirm these findings.
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